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rrhe absorption spectra of KCl: Pb 2+ single crystal rapidly 
grown are compared with the configuration coordinate model. 
Various constants in the model depend on the preparation 
process, and are related with the different kinds of dis-
order originating from the cooling rate and the concentra-
tion of the impurity. An asymnetry parameter of the spectra 
shape was introduced in order to estimate roughly the magni-
tude of various disorders in the crystal. 
1. Introducti on 
rrhe absorption bands associated with inpuri ties in alkali halide 
crystal have been so far investigated theoretically and experimental-
ly. However, it rerrains how macroscopical imperfection of the lattice 
is related to the microscopical electronic state of the impurity. 
In this paper, highly imperfect lattice arrangement in KCI: Pb 2+ 
single crystals, grown from the melt under various conditions, is 
studied and qualitative imperfection by the preparation process can 
be described quantitatively by an asymrretric parameter of the 272nm 
absorption spectra. 
2. Physical properties of the rapidly grown crystal 
It is well known that the crystal obtained from the melt by rapid 
cooling in a crucible cleaves spontaniously into fragments and the 
greater cooling rate gives the more imperfect crystal. 
Physical property and imperfect lattice arrangement in the crystal 
depend on impurities, cooling rate and others. About nearly perfect 
crystal, the degree of disorder depending on the impurity defects is 
estimated by the impurity concentration and that on the dislocation is 
by the number of etch pit. About IIDre imperfect crystal, the systema-
tical investigation of the imperfection is rarely discussed. 
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We studied a highly imperfect KCl:Pb2+ single crystal in which 
there are many various disorders of different scales, where, in this 
paper, the words" imperfection" and " dosorder" are distinguished 
in this meaning, and obtained the following results: 
(i) In the above fragplents, edge lengths (a measure of the imperfec-
tion), and optical absorption coefficient at 272nm band caused by 
the impurity Pb2+ (a measure of the microscopic disorderness) depend 
on the cooling rate l ,2). (ft) Various kinds of disorder were observed 
in natural, polarized and m:mochromatic light 3) and x-rayl+), and 
thier shape or frequency are also some measures for the imperfection 
of the crystal. (:iii) These experiments can be explained qualitatively 
by introduceing a Thermal-Stress-Defect-Mbdel s ). 
3. Experimental results 
In the present experiment, KCl single crystals were grown from the 
melt including the PbC12 of O.005~O.lwt% by the cooling rate of O.6~ 
2.4K/min. with Tamman technique. The 272nm absorption spectra in 
these crystals were measured at the terrperature of 80v600K, and are 
corrpared with the theoretical results by one dimentional configura-
tion coordinate IIDdel (C.C.Model). In the C.C.Model, the half-value 
width W and the peak value of absorption coefficient are given by 
W=A[coth(2~T)Jl/2, K=MW2 
(1) 
where A and C are constants. w and K are the frequency and force 
constant corresponding to the vibration IIDde of the greatest symmetry, 
n8lD21y, the "breathing" mode, in the ground state. The mass M of the 
oscilla~ing system is roughly the total masses of the six nearest 
halogen ions. 
Some examples of temperature dependence of the spectra for the 
present samples are shown in Fig.(l). The curve for the sample No.5 
fit with eq.(l), but for the sample No.8 doesn't. 
We shall discuss in the following articles that, the present misfit 
depends mainly on the concentration of the impurity Pb2+ and subsidi-
ary on the various lattice disorders in the crystals originated by 
rapid growth. 
4. Various classifications of imperfect crystals 
The different lattice disorders in the crystal will be classified 
from the following various points of view and listed in Table I: 
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Fig.l The examples of the temperature dependence of 
half-value width and absorption coefficient. 
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Table 
(A) 
v 
(K/min.) 
2.4 
2.4 
2.4 
1.2 
2.4 
0..6 
1.2 
2.4 
0..6 
The value of various constants 
(B) 
C(10-lfwt%) 
melt cry. 
37 
75(1) 
75 (H) 
75 (F) 1.2 
75 (F) 2.3 
750(?) 
750(?) 10 
750(1) 20. 
750(F) 
ClO W 
o 0 
o 0 
o 0 
o 0 
o 0 
x 0 
X 0 
X X 
X X 
(c) 
Group 
11.7 
9.6 
11.7 
14.0. 
16.6 
25.5 
71. 7 
92.4 
130. 
Note: Top row: A~D correspond to them in section 2. 
"V" is cooling rate and "e" is Pb2+-concentration. 
"0" and "X" in the columns of ClO and W mean that 
the experiment fits with eq.(l) or not. 
1 
6 
6.5 
15 
35 
19 
30 
60 
A. Preparation process·····The imperfection of the crystal [cf.2] 
should be governed by the preparation process such that (i) the 
higher concentration of Pb2 + in the melt leads the more disorders in 
the crystals. (n) Segregation at the solidification gives the local 
difference in Pb 2 +-concentration in the crucible6 ). So that the 
sample obtained from the finally (F), mediately (M) and initially (I) 
crystallized regions should be noted. (in) The greater cooling rate 
gives the more disorders in the crystal, of which, for example the 
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cleaved surface is rough and has Iffihy step lines 3). The factor (i) 
is the most il)t ens i ve • The factor (iii) is the least, because of 
small range of cooling rate in the experinEnt. Our sarrples in Table I 
are numbered roughly in rank according to the increasing disorder. 
B. Lead concentration····· The total lead concentration in same 
samples were analyzed by the polarography method. 
C. Temperature dependence of absorption spectra·····T.he observed 
spectrurnmisfits with eq.(l) as mentioned in §3, and therefore (C l ) 
the present samples are classified qualitatively into Xl (good agree-
ment), X2 (mediate misfit) and X3 (heavy misfit). For nurrerical class-
fication, (C 2 ) we obtained the force constant K in eq.(l) where K's 
in the X2 and X3 classes are obtained by "formal" applications of 
formulas, eventhough remarkable misfit with C. C .lVbdel appears. 
D. Asymmetry of the spectra·····The shape of the spectra is usually 
written experimentally by 
(2) 
where a is the absorption coefficient and ao, a and b are constant. 
The C.C.Model assures that the shape of the spectra is Gaussian for 
which b is 2. Our spctra can be also given b=2, but have slight 
asyrrmetry. To discuss the degree of this, we will introduce an 
"asyrrmetric parameter" y defined by 
y=(a_ -1)xlOO 
a+ 
(3) 
where the gradient a+ of high-energy side and a_ of low side are 
obtained from the plots of Ilnao/lnal l / 2 as a function of hv. The 
y-values at the room temperature are also shown in Table I. We do 
not refer to the mechanism of such an asyrmnetry. 
5. Discussion 
Table I shows that the different classifications have roughly 
(never exactly) good correspondence with one another, that is, 
qualitative classification in A can be described quantitatative 
classification in (C 2 ) or D. Concerning on the experimental advan-
tage, y may be the most favorable representative parameter for the 
rough estimation of the crystal "imperfection", because it is ob-
tained easily from the spectra measured at the room temperature. 
Further, a few attentions will be noted. 
(i) It is well known, if all the Pb2 + ions are isolated to one 
another, the absorption coefficient at 272nm band should be propor-
tional to the lead concentration. The absorption coefficient per 
unit Pb2+-concentration, E, 
shown in Fig. 2 is smaller than 
that slowly cooled. This 
results suggests that the ~ 
purity atoms may be aggregated 
into cluster by rapid growth 
so that small optical absorp-
tion is arised. 
( ii) llie temperature depend-
ence of absorption coefficient 
of highly imperfect crystal 
can't be explained by the C.C. 
Model, as mentioned in §4(C 1 ). 
Furthermore, the plots for the 
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Fig.2 Plots of the ratio E 
versus Pb 2+-concentration 
small Pb 2+-concentration in Fig.2 depend on temperature, but for the 
great one doesn't. This may be much related with (i). Further theo-
retical investigation on this results will be expected. 
6. Conclusion 
A KCI:Pb 2 + single crystal, rapidly grown from the melt in a clucible, 
includes highly imperfect lattice arrangement. We discussed the rela-
tion between macroscopic imperfection of the crystal and impurity 
defect from the various point of view. 
1. Various classifications of the imperfections are estimated in 
the following points of view, that is, (A) from the preparation 
process, the higher concentration and similarly the segregation and 
cooling rate may affect. (8) For the crystal obtained, the intensity 
of imperfection depends on (8 1 ) Pb 2+-concentration, (8 2 ) temperature 
dependence of absorption spectra which fits or doesn't with the con-
figuration coordinate model. (8 3 ) ASyrrnn2tric parameter y of the 
spectra, newly introduced, which indicates how the absorption spectra 
differ from the Gaussian shapes. These classifications have roughly 
good correspondence with one another, that is, the higher imperfect 
crystal indicates the greater difference from the model and the 
greater y-value. 'Ib estimate roughly the crystal imperfection, y 
may be the most favorable, because of its experimental advantage. 
2. The temperature dependence of absorption coefficeint can't be 
explained by the C.C.Model for great Pb 2+-concentration or for rapid 
cooling, because, for example, the impurity atoms may be aggregated 
into cluster by rapid growth. 
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